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. DNA repair gene expression vis-a-vis chemotherapy of
HFRIEEE 1 palr & P by

glioma patients
Zhong-Ping Chen, M.D., Ph.D.

Department of Neurosurgery/Neuro-Oncology, Cancer Center, Sun Yat-Sen University,
Guangzhou, China

The majority of the primary intracranial tumors are gliomas, about 50% of these
are malignant. Surgery and radiation treatments have improved survival of the
patients, but most of them are not yet long term survivors. Adjuvant chemotherapy,
especially recently available new agent temozolomide (TMZ) has given bright in this
field. However, the clinical chemotherapeutic efficacy for glioma is not satisfactory yet.
One of the most important obstacles has been found that many tumors possess and/or
could develop drug resistance. Although the mechanisms of drug resistance in brain
tumors have not been fully understood, intensive investigation and many progress have
been achieved. In this talk, I will share with you our works on the study of genetic
alterations leading to drug resistance of human brain tumors as well as clinical
experience regarding individualized chemotherapy according to expression of DNA
repair protein in gliomas.

MGMT and drug resistance in gliomas

One of the best recognized mechanisms of drug resistance in human tumors is
O6-methylguanine-DNA methyltransferase (MGMT) mediated repair of DNA adducts
induced by anticancer drug, resulting in prevention of the formation of cytotoxic
interstrand crosslinks. We have confirmed both in cell lines as well as in clinical setting
that MGMT expression associating with alkylating agent resistance in gliomas. At
clinical practice, we determined MGMT expression in tumor samples by
immunohistochemistry prior chemotherapy, so that chemotherapy regimen was chosen
accordingly. The chemotherapeutic regimen did not consist of alkylating agents, such
as nitrosourea or temozolomide, in patients with MGMT positive tumors, while no
limitation of using alkylating agents in patients with MGMT negative tumors. In our 28
glioma patient series, objective response rate (CR+PR) of 35%, and disease control rate
(CR+PR+SD) of 73% have been achieved.

Nucleotide excision repair and drug resistance in gliomas

Our observation indicating that MGMT expression is not the only mechanism of

drug resistance, since some MGMT negative tumors are also showing resistance to
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these anticancer agents. We have found that ERCC2, one of the important components
in nucleotide excision repair (NER) system, also related to alkylating agent resistance in
human tumor cell lines. We investigated ERCCZ2 protein levels in 14 established human
tumor cell lines and found it significant correlated with UV sensitivity and BCNU
resistance. By using quantitative reverse-transcription polymerase chain reaction (RT-
PCR), we investigated ERCC2Z mRNA level and compared it with BCNU cytotoxicity in
9 human glioma cell lines, and also found a significant correlation between ERCC2
expression and BCNU cytotoxicity (»=0.737, p=0.0226). We further assessed the protein
levels of several NER components including XPB, XPD, XPA and ERCC-1 in the NCI
panel of 60 human tumor cell lines in relation to the cytotoxicity patterns of 170
compounds that constitute the standard agent (SA) database. The ERCC-1, XPD, and
XPB protein expression patterns yielded significant negative Pearson correlations with
13, 32, and 17 out of the 170 compounds, respectively (using »<0.05). Our data
demonstrated that XPD (ERCC2) protein levels correlate with resistance to alkylating
agents in human tumor cell lines. Our data suggesting that NER is involved in
nitrosourea resistance in human glioma cell lines and ERCC2 may play an important
role in this process.

It has been proved that methylation of the CpG island in the promoter region is
associated with silencing of some genes. We determined methylation status in the
ERCC1 and ERCC2 promoter and chemotherapy resistance in five gliomas cell lines.
Using bisulphate sequencing, we identified hypermethylation in the promoter region of
ERCC1 and ERCC2 in five gliomas cell lines with different drug-sensitive
characteristics. We observed the methylated CpG island in the 4.9Kb region of ERCC1
gene promoter upstream in the platinum-sensitive cell lines and the putative CpG
island of ERCC2 promoter showed the ummethylated status in all five BCNU-resistant
cell lines. Our data indicate that aberrant methylation status of ERCC1 and ERCC2

were assoclated with chemotherapy response in gliomas cell lines.
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Oligodendroglioma ®3XT
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HIRARER 7)) 7RO 124 ) T7 0 Futh 4 b OFsAEHE 4 ZHlsHR 1B L OHIE
NEEREIC L DRI S N CTwb, Bz B1E 2 F T Notch 8 & OB T HLK F (Bone
morphogenic protein : BMP) |2 & 0 % E & 1L % 55 {L #) il A + Hes5 & Inhibitor-of-
differentiation (Id) 4 234 ) I7 > Fa ¥ A F LR THE T 5 2 & Hesb £ 7213 1d4
OB S A ) T Fa A b EIHE S A 2 &£ 2 F A L 720 B2 sonic
hedgehog (shh) IC X D FFESIN LA ) T7 > a4 FEAFER T Olig2 235 K1
STAT3DH#EREZ HE L 7 A by A bopfbz 8 s 2 2 &, Olig2 DIMEITH T A b
O A MHMUICEETH L L 26N L TE 72, Notch BELUBMP IE7 A a4
FMHALFERTCTH Y, shh A3+ ) I70 Fath A MFEERTTHL I L 2ERADES
&L RO A ) I Rt A FET A MO A PO T 2 HELTH
52 LR L TWwh, ERLEFI R /MR kSR K+ (PDGF-A) . HURBR RV E >
(thyroid hormone : TH). p53. p73. wnt ZHOMBANNR T F/24) T7> Fatr A
FOFAEICEE LB XA L TWD, KEEHTIIAZEOMFRREE HOICBEE TICHS
MIZENTZA Y TT Fat A hOFEEZ T 20 FHEEICOWTIHF LA ) 372 K
0 7) F =< 5 & OBEIZ OV TR U b.
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FatE =TT LT 5, Oligodendroglioma 247504 7 oAk L F )~ — h —I3FEAE L
W EFDILTA LV, Oligodendroglia Ofifg ek~ — # — (Olig2, Sox10, ASCL1, and
NKX2-2) @ oligodendroglioma (281} 5 5H 2 MK L 72 HEOWZETH . SR 2
T —=H—=ERV7ZE N T v, Oligodendroglioma 7 &G AE & Il o REMAL 2 & 38 4=
TAHZEIIRAREFENPSRIBEINT VD, L 2HD1p BLU19q DE 12 LOH % D
2 oligodendroglioma T & . [ 4 #ll i3 |2 synaptophysin, NeuN, NFP 7 & @ #i &4 . %
RN =R EINLBPHFE SN TS, TNSHD T EH 5 oligodendroglioma 1712
AMNE & oligodendroglia 125371b 9 % A5, #FEMAE~D 55 1LRE b 5% L 72 precursor cell 2*
SHRT LI EHEN SN,
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fli% DNIESIZ 1T 5 neuronal phenotype &Z D~ —A—

Frontal convexity [CF4 UfcRes R L ZiTlE & 9 % neurenteric cyst O—fl
Cytokeratin (CK)7, CK20, p63 ;&M Ul el Z T OB R IC DV T

B el BEOREIRY, Bk

W ZHEY

LR AN E S F RN E S VNN TN

BHAT BOERR BEEARD, BIAZ BOAEU/\EUT—Y 3Rt BEOE,

BIAE BH TRk WhRER

OBJECTIVE AND IMPORTANCE:

Neurenteric cyst {&. PIIRZEH RO LRI L - TER S
NALEEHLETH D . PIRAERTIE, SaHE - kL
NIVOFFENRC., BHEBHOEPHFICHEATLIL
B\ e NINT v N LTERIIRET HERNIL, #EIC
b S e v, S IS frontal convexity 1254 L
7z neurenteric cyst ®—%l % £E5& L. cyst wall DFEIE
%[ 5Ed 5 72812 cytokeratin (CK) 7. CK20., p63 %
A7 g 2 5 L 720 THRiET %,
CLINICAL PRESENTATION and INTERVENTION :
R EIRIC, 18RO EI BRI AR L 2o 72,
PEHS MRI Tl Al frontal convexity (ZZERaE D
BAERD, WHZWEB L OWEOH/ I x HigE LT,
BHSE Tl % JtiT L 720 Cyst (ZWERET - BB A0

LTED, REWLZEVRETEDNL TV, Ta—41
FTRICERIT 5 &, WERIEKRD & EHETH o720 1]
KH9IZ cyst wall 22 L7z, FEB L OETFHEMEET
& BREICEIT S SN LFRENE FEABE S
720 RIEHLAERSAIIIZIE, cyst wall 13 CK7 B L U p64 1
Pt Td b . CK20 IZF&%:Tdh - 72 Multicolor immuno-
fluorescence method |2 & % ZHF Tix. CK7IZBaME
oy A LR OMIBE & . p63 1t % R 3 IR
DD &L CBE SNz, #HRE LT, WERD L%
IR & 4% neurenteric cyst & DBWIA T STz,
CONCLUSION:

CK7. CK20. p63 % i\ 7= 0k~ 7 491t BH
ENOERMRELZENZW T2 L TEHATH %,

Fli % DR IEEEZB1F S neuronal phenotype EZFD<—h—

m BETAZE(CHF4LE LT Ganglioneuroblastoma O—7l)

PEIE RSV RN FRT. O REET. RIE RERY. me bk
IEEX? EFH HTMRE" PRETSRE MERARY, LIRSRENRRR R

Al g 2 1E, AL PEOBEHTEEE 254 L 72 Ganglio-
neuroblastoma. & 29 #if R AER 2 FE L 72D T, £
D ERIR I 2R LSO W T 5,

[FEF) 32/ tcith, M2 CToAE. WGMAT IS T BETE
THIKALEPE D dem K OB TR 7 85 % Fa 4 S A,
FAGITHL S 7z,

[REEFFR] HE duft : SR Ty — 22 A3
LN O diffuse R84 & . F ORI LIV E A7
LA OB & KELOK % 3 5 M ORTE % 72
7o FHRAIKALE BMME ONA, —FIE M - 3
RO BTz, st NI, KB L b1
GFAP (-). Olig-2(-). Synaptophysin (=) T& % %,
KB A BD @ A Chromogranin A (+). Mib-1 index (&
1% LT

66  The 25" Annual Meeting of the Japan Society of Brain Tumor Pathology

EREFT R ] TSR 1258 L 7oA /AR R i o
WKL DEFEDSZRO B AL, ¥ F T AR DR A i 2)s
o5t b o 7% Post synaptic density % K &
JEBNETH BT EDIRIBE N2,

PMTEER] BT L MR Hk O IEE L E 2
S, DR 3 SRR AL L7z & B s KB
% A4 52 & 95, ganglioneuroblastoma & 2l
L7z ZOfF L Glioma &80 0.1 ~0.27% OHE &
WO TH T, ZO3ENTI0OMLULTFIZHRIET o F 72
WHO Tld Graded 123 S, EilEEEEL & S
A3 AIEBINE 32 7% & FHAFRSEAE T Mib-1 index <,
BEMHEETH L 2 LTRSS L, W &R D RN
HExr 2L T\



fli% DNIESIZ 1T 5 neuronal phenotype &Z D~ —A—

m AR Mt 2E B D —p

fhg BGERY. BE WY, dEls kUL EAR FHRY
ERAR TSR B AR RIRR  REsAR
RIS INER AR RIRR R

T 7 B PP AR R 2 AR L 72 D THGE 5 %o SEBTIE
0B GFEFOBTI. BEMEOET 2 ZFRIC Lk
Sk z i L. BHE MRI CHAIER AV R 5 ARE L 72,
ABERFEE I O 2 5h & BRI FED 5 M7z, B
MRI Tl /2 i BEHE (2 AR 2 B o 720 25mm D iR 15 A2
HHI, F R =Y ATH—IIH® SN2, FDG-PET
TIEHESS 2 —B L CREMEDED b N7z hMER AL I 2 13 2
HEBIIEO SN o720 B ¥/ SEOWHIZ I T
T TONIze BEEHIBETICHFAEL, &bz
THEFWETHHRIMETH ) —JIc R s h7z. wEL
FLAR IS IFIRNE D B> 2l A & Fr 7 & KL & A INARIE

Hy 28I, I, RN 5 S8 % R 3 I0EH
SR O BESAIIA R % 72 LTS L TB 0 . Ry
B T BE S A (X EMA (). GFAP (=), s-100% I
(+). SMA (=), EXUF v (+), 34+ 70 (-),
NSE (-). MIB-1 index 1£30% L b & &Ml TdH 0 Eik
PRHEEHE & BB S N7z ARG IR AN IB I EAT S 1L
720 BUETTSSHE  AREEBBIZ T Th 5o B
FEIZIER ISR CThItb OB L 2 72 ) TIX G %
EOTHIOHE L2y, BB O origin, . T
2B LTI E R 2 N2 T3 %,

Fli % DR IEEEZB1F S neuronal phenotype EZFD<—h—

M mEEEV. BEA EkY. ER O U0 W

B Bz

BEZM periphral Primitive NeuroEctodermal Tumor O—#l

i

AULOERE ST, b R

KERERIAR  BRAERLY, KIRERAZMERPE Rk

JEBT 19 e Mo SRR 16 45 |2 BEERH T BERR (CBEES CT % i
TENTVLERFRIBRHEIN TRV, FR 1848
HE L )RRV Z HE L T\, R4 II2ES
2D LX) RY ., HRLME L ORI N
7o BHES CT L/ACMSESE S 2EM % 11 ) EB N % 720
7oz O FBENARE S 1L, BRI SR % T S iz,
R A HiATHR. TREOFHLIIZ TYRENRRE & 7 5 72,
FeBRRE, BEREIEE T O % 720 5 DI R0 1 2
WHTRILERD % 2o 720 BHER MRI /5 MIBHZE (2B PRI
TR & O 1K Sem O R & e 5 20 % 0 O IS
WWE R RO 7o FEEMED T O EERRE 356 < R S 7z,
AR CTHIEAT S M7 E B C A R BAR & 1) O
B 2 38872 FDG-PET Tldff#iio A & 33
FEREHRE | [ BE PR O SR & 3R 72, TEVEBEIERE OIS T
V2 C BB AT 2 W6 AT L 720 25 R 2 Binu TR

it & OBEFULIFFE I TH 0 . W & i 5 IME 12
BAVIEGE CH o7z, MBI —JE L Cafiih L7z,
FHERAT R IR R IS AR Mg 2SS — MIRICHSGE L T
NGO TR I Nz —ETIRESRTE Y b 2T
L. oAk gt ¢ NF (-) synaptophisin (-) vimentin
(-)CD9IFV F A TH o720 F 72, FISH i
W CRBARBIT 24T o 72 2 A, EEMBIZ BV T
22ql12 EWS 2 FICHJE 2 B o 2720, HEN
peripheral PNET (pPNET) & #% Wr L 72. FH 2
pPNET (ZHHJEE & 0 38453 2 JEH 1M 2 JE B CH 4 vk
WM ZR0. BIEEZTUHOWMENH 52T X2,
Ltk SRR, BURBGRE BN 2 FET
HHHN ZTOBWNTE R, FRIIOWTETO
HREZ R & N2 TS %,
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